INTRODUCTION
It is widely accepted that endoscopic submucosal dissection (ESD) is a standard treatment for node-negative gastric cancer. [1] [2] [3] This technique permits tumors to be removed en bloc regardless of size, thus leading to precise histologic evaluation and a lower recurrence rate. 1, 2 Because of these advantages, ESD is also used for colorectal lesions. However, when ESD is used for colorectal lesions, it is necessary to thoroughly evaluate the anatomical and histological differ-www.irjournal.org association of the presence of fibrosis with the outcome of colorectal ESD.
METHODS

Patients
We retrospectively analyzed a total of 158 colorectal epithelial neoplasms in 158 consecutive patients who were treated with ESD in the Division of Gastroenterology at the Hanyang University Guri Hospital in South Korea from January 2008 to December 2013. The indications for ESD were as follows: (1) depth of invasion limited to the mucosa or submucosa with a noninvasive pattern on chromoendoscopy and (2) large tumors that were difficult to treat by en bloc endoscopic mucosal resection. Written informed consent was obtained before the procedure. The study was approved by the Institutional Review Board of Hanyang University Guri Hospital. Endoscopic tumor morphology was categorized according to the Paris endoscopic classification. 13 Lateral spreading tumors (LST) were classified as granular type (LST-G) or nongranular type (LST-NG). Tumor locations were categorized as the right colon (cecum, ascending, and transverse colon), left colon (descending and sigmoid colon), and rectum. Using chromoendoscopy with 0.5% indigo carmine, all lesions were evaluated for pit patterns and classified according to the Kudo classification. 
Endoscopic Submucosal Dissection
For bowel preparation, all patients were given 4 L of polyethylene glycol during the morning of the ESD procedure. In this study, a single-channel lower gastrointestinal endoscope (CF-H260AI; Olympus, Tokyo, Japan) or gastroscope (GF-H260; Olympus) was used. High-frequency generators (VIO300D; ERBE Elektromedizin GmbH, Tubingen, Germany) were also used. ESD was performed by two endoscopic specialists highly experienced at performing ESD. The patients were sedated with intravenous propofol (0.5 mg/kg), midazolam (0.1 mg/kg), and meperidine (25 mg) before the procedures. Cap-assisted colonoscopy (Disposable Distal Attachment, D-201-14304; Olympus) was performed and indigo carmine was sprayed to examine the tumor morphology and pit pattern of the lesion. A mixture of saline, glycerol, and diluted epinephrine (1:10,000) or 0.4% hyaluronic acid solution (Sigmavisc; Hyaltec, Bagnolet, France) was injected into the submucosal layer. Circumferential incisions were performed with a Flex knife (Olympus or Kachu Technology, Seoul, Korea) or Dual knife (Olympus). Submucosal injection was repeated to distinguish between muscles and submucosal layers. Finally, submucosal dissection was performed with a Flex knife and a Dual knife. A hemostatic forceps (Coagrasper; Olympus) was used to control visible nonbleeding vessels during submucosal dissection.
Definitions
The degree of submucosal fibrosis was determined based on the findings observed at the time of submucosal local injection and classified into three groups ( Fig. 1 ): F0 (no fibrosis), F1 (mild fibrosis), and F2 (severe fibrosis). F0 was defined as a transparent submucosal layer. F1 appeared as a white web-like structure in the transparent submucosal layer and F2 appeared as a white muscular-like structure without a transparent submucosal layer. 
Statistical Analysis
Statistical analyses were performed using SPSS version 12.0 (SPSS Inc., Chicago, IL, USA). A P<0.05 was considered significant. The differences in the categorical variables were determined using Pearson chi-square test or Fisher exact test. For continuous variables, Student t-test was used when appropriate. Multivariate logistic regression analysis was performed to examine the effects of independent variables. Table 1 summarizes the basic characteristics of 158 colorectal epithelial neoplasms treated with ESD. The median age of patients was 65.2 years; 91 patients were male. The median diameter of lesions was 25.9 mm. Tumor locations were as follows: 63 (39.6%) on the right colon, 52 (32.7%) on the left colon, and 43 (27.0%) on the rectum. Growth patterns were also evaluated; 56 polypoid, 68 LST-G, and 34 LST-NG were noted. Forty-one patients had tumors with pit pattern IV and 41 patients had tumors with pit pattern Vi.
RESULTS
Colorectal Epithelial Neoplasm Treated with ESD
A total of 67 neoplasms were histologically adenocarcinomas. Of the 67 cancers, there were 24 (16.1%) with submucosal invasion and eight (5.1%) with submucosal invasion more than 1,000 mm. Of the eight cancer patients with submucosal invasion more than 1,000 mm, six had tumors with pit pattern Vi, one had tumors with pit pattern IIIs, and one had tumors with pit pattern IV. F0 was observed in 38 lesions (24.1%) and F2 in 46 lesions (29.1%).
En bloc resection was achieved in 140 patients (88.6%) and complete resection with tumor-free lateral and basal margins was achieved in 138 patients (87.3%). Incomplete resection was encountered in 20 patients with positive vertical margins, and 13 patients underwent additional colorectal Table 2 shows the clinicopathological characteristics according to the degree of fibrosis. In the F2 group, tumors were significantly larger compared to those in the F0 and F1 groups. The proportion with pit pattern Vi was higher in the F2 group. Carcinoma and submucosal invasion were found more often in F2 fibrosis. There was no significant difference in the location of tumors or procedure time between F0/F1 and F2 fibrosis groups. Perforation was found more often in F2 fibrosis. The complete resection rate in the F2 group was 63.0%, which was significantly lower than that in the F0 and F1 groups combined (97.3%). Multivariate logistic regression analysis showed that the presence of submucosal invasion and that of carcinoma were independent predictors of F2 severe fibrosis (Table 3) .
Submucosal Fibrosis and Outcomes of ESD
Risk Factors of Incomplete Resection and Additional Surgery
Comparisons between the complete resection and incomplete resection groups are shown in Table 4 . There was no significant difference in tumor size (25.6 mm vs. 27.5 mm). The lesions with LST-NG and pit pattern Vi were more frequently observed in the incomplete resection group than in the complete resection group. In the incomplete resection The proportions of F2 fibrosis and submucosal invasion were significantly higher in the incomplete resection group than in the complete resection group. The mean depth of submucosal invasion was also higher in the incomplete resection group, but there was no significant difference. Multivariate analysis demonstrated that submucosal invasion and F2 fibrosis were significant contributors to incomplete resection related to ESD (Table 5 ). In addition, the presence of submucosal invasion (OR, 19.83; 95% CI, 3.5−112.8) and F2 fibrosis (OR, 10.17; 95% CI, 1.1−98.2) were independent risk factors for additional surgery (Table 6 ).
DISCUSSION
In this clinical study, we aimed to determine whether there are any factors that may predict the degree of submucosal fibrosis during colorectal ESD while also evaluating factors related to incomplete resection. Factors that may predict the degree of submucosal fibrosis are tumor size, histology, depth of invasion, and pit pattern. Multivariate analysis demonstrated that histology of carcinoma and presence of submucosal invasion were significantly related to submucosal fibrosis. In addition, the presence of submucosal invasion and severe fibrosis were associated with low complete resection rates.
Similar to our results, a previous study has reported that the presence of fibrosis was associated with difficult procedures and low complete resection rates during colorectal ESD. 12, 15 When the degree of fibrosis was assessed, F2 fibrosis was associated with this outcome. 12 However, the previous study was not able to demonstrate the risk factors for severe A recent study has reported that adenocarcinoma is a predictive factor for submucosal fibrosis during gastric ESD. 16 In our study, the group diagnosed with cancer demonstrated much more severe fibrosis of F2 compared to the adenoma group. In addition, histology of carcinoma was one of the risk factors for severe submucosal fibrosis. Several previous studies have demonstrated that a rightside tumor is a significant risk factor for incomplete resection. 9, 17 The right colon is more challenging to manage compared to the left colon because of several factors such as severe peristalsis and high degree of technical difficulties. The authors explained that these are reasons why the tumor on the right colon was a risk factor for incomplete resection. However, previous studies did not evaluate the procedure duration as a confounding factor and overlooked the fact that the long duration of the procedure was related to fatigue, thereby affecting ESD outcome. The present study showed that there was no association between incomplete resection and location of tumor. Several prior studies have reported that history of biopsy is a risk factor for submucosal fibrosis. 10, 18 However, in our study, history of biopsy was not associated with severe submucosal fibrosis in the multivariate analysis. A previous study reported that there was a higher proportion of LST-G and nodular mixed types in the severe fibrosis group, but that there was no difference in pit patterns. 12 In addition, through the results of the univariate analysis, we revealed that LST-NG and Vi pit pattern were related to the presence of severe fibrosis. Although it is difficult to predict the presence of F2 severe fibrosis before the procedure, we suggest that careful observation of the size, growth pattern, and pit pattern of the lesions could lead to prediction of the presence of severe fibrosis. Further studies evaluating the predictive factors for F2 fibrosis before the procedure are necessary.
The perforation rate in this study was approximately 5%, which is similar to that found in previous studies. Many studies have suggested a wide range of perforation rates ranging from 1.4% to 14%. [7] [8] [9] 19, 20 In cases with accompanying fibrosis, the perforation rate was significantly higher compared to those without fibrosis. This is because the tumor may not be elevated after submucosal injection in cases with accompanying fibrosis and the dissection margin may not be adequately secured for safe and complete dissection. 9, 18, 21 Our study confirmed the association between fibrosis and perforation. However, in cases of perforation, patients under inappropriate sedation might be uncontrolled due to unexpected noncooperation during the procedure. Although successful ESD is not guaranteed when the tumor size is large with accompanying fibrosis, the procedure appears to be affected by the presence of fatigue of the endoscopist, appropriate sedation, patient control, and any other extrinsic factors. This study has several limitations. First, it is a retrospective study that enrolled a limited number of cases from a single center. Second, there was a higher proportion of presence of fibrosis in our study than in recent studies. This might be because we have not assessed the presence of fibrosis, but rather the degree of fibrosis. In the previous study, absence of careful observation of fibrosis could have led to ignorance of mild fibrosis, and severe fibrosis was less likely to be missed.
9,21 Third, we did not evaluate the relationship between endoscopic and histologic classifications of submucosal fibrosis. Also, we determined the degree of submucosal fibrosis based on endoscopic images and medical records in a retrospective manner. It is doubtful that endoscopic assessment is an objective measure of submucosal fibrosis. However, a previous study that managed to assess the relationship between the two suggested that the degree of submucosal fibrosis based on endoscopic findings was correlated with histologic fibrosis. 16 We assumed that this fact could also be applied to this study.
In conclusion, when the degree of submucosal fibrosis is assessed during the colorectal ESD procedure, the presence of F2 severe fibrosis and the histology of carcinoma are significant risk factors for incomplete resection and additional surgery. Therefore, whenever submucosal invasion or severe fibrosis is suspected, considerable effort is needed to avoid incomplete resection. If such a difficult case is evident, then early surgical intervention should be considered instead of proceeding with colorectal ESD.
